mote the increased atherosclerosis described in CKD [12] . Observational studies show that low serum [HCO 3 ] is associated with increased incidence of hypertension [13] , a major contributor to cardiovascular disease. In addition, high dietary acid increases the risk for CKD patients with reduced GFR to develop metabolic acidosis [14] and increases the risk for subsequent development of hypertension in children [15] . Furthermore, metabolic acidosis also enhances deposition of β 2 -microglobulin in many tissues, including the heart [16] . Together, these data support exploration of the potential contribution of metabolic acidosis and/or acid retention to the excess cardiovascular mortality of CKD.
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As noted, high dietary acid intake increases the risk for metabolic acidosis in CKD patients with reduced GFR [14] . Diets in developed societies are largely acid-producing due to high intake of acid-producing animal protein combined with comparatively low intake of base-producing proteins from fruits and vegetables [17] . These acidproducing diets increase net endogenous acid production [18] and typically do so without inducing frank metabolic acidosis in individuals with relatively preserved GFR [19] but might do so in those with very low GFR [14] . Nevertheless, these high acid diets might induce acid retention in CKD patients with reduced eGFR even in the setting of normal serum [HCO 3 ] [6, 7] . Reducing dietary acid with Na + -based dietary alkali or base-producing Patients with chronic kidney disease (CKD) suffer premature death compared to CKD patients with comparable underlying disease but no CKD [1] , and this CKDrelated mortality is further increased in the presence of metabolic acidosis [2, 3] . Observational studies support that the more severe the metabolic acidosis as indicated by lower serum bicarbonate concentration ([HCO 3 ]) the greater the mortality in patients with stages 3 and 4 CKD [4] . Interestingly, the inverse relationship between serum [HCO 3 ] and mortality in CKD includes levels of serum [HCO 3 ] which extend into the normal range [5] . The importance of the latter observation is enhanced by studies supporting positive acid balance with acid retention in CKD patients with reduced estimated glomerular filtration rate (eGFR) but with serum [HCO 3 ] within the normal range [6, 7] . These data raise the intriguing hypothesis that treatment of metabolic acidosis in CKD or its associated acid retention in those with reduced glomerular filtration rate (GFR) but without metabolic acidosis reduces CKD-related mortality.
Cardiovascular disease is a major contributor to the increased mortality of CKD [1] and its contribution increases as eGFR decreases [8] . The risk for metabolic acidosis in CKD also increases as GFR decreases [9, 10] , positing that metabolic acidosis or acid retention contributes to increased CKD-related cardiovascular mortality. Inflammation caused by metabolic acidosis [11] might pro-food components like fruits and vegetables improves metabolic acidosis [20] and reduces acid retention [6] in CKD patients with reduced eGFR. Consequently, CKD patients in developed societies face a constant dietary acid challenge, putting them at risk for metabolic acidosis and/ or acid retention. The data support examination of the potential efficacy of dietary acid reduction to ameliorate any untoward consequences of this high acid diet, potentially including increased cardiovascular mortality in CKD.
Dobre et al. [21] have taken a much welcomed step toward examining the potential contribution of metabolic acidosis and/or acid retention, using low serum [HCO 3 ] as a surrogate, to increased cardiovascular mortality in CKD. The authors used the Chronic Renal Insufficiency Cohort database to assess whether serum [HCO 3 ] is independently associated with structural and functional cardiac abnormalities in CKD patients with mean eGFR 42.5 ml/min/1.73 m 2 . They report that overall prevalence of left ventricular (LV) hypertrophy (LVH) was higher with lower levels of serum [HCO 3 ] (51.2%, with 57.8, 50.9 and 47.7% for serum [HCO 3 ] categories <22, 22-26 and >26 mmol/l, respectively). They report that subjects with low serum [HCO 3 ] were more likely to have LVH and abnormal LV geometry but interestingly, the association was not statistically significant after adjustment for demographics, traditional cardiovascular risk factors, medications and kidney function. The authors found no association between serum [HCO 3 ] and systolic or diastolic dysfunction, and during follow-up they found no significant changes in LV mass or ejection fraction within any serum [HCO 3 ] strata. They concluded that serum [HCO 3 ] was associated with LV mass and concentric LVH but that this association was attenuated after adjustment for clinical factors, suggesting that cardiac effects of these serum [HCO 3 ] levels in CKD are mediated through as yet unknown mechanisms.
The observation that the association of serum [HCO 3 ] with the described cardiac abnormalities was no longer significant after adjusting for traditional cardiovascular risk factors is not surprising. Such adjusting factors that might be relevant to serum [HCO 3 ] include eGFR, hypertension and smoking. As noted, metabolic acidosis increases in incidence as GFR decreases [9, 10] ; so low serum [HCO 3 ] might track with reduced eGFR. Also, metabolic acidosis and increased dietary acid is associated with hypertension, such that low serum [HCO 3 ] might also be associated be linked with hypertension. In addition, smoking is associated with kidney injury and faster nephropathy progression [22, 23] ; so smoking might track with reduced GFR and with the latter's stated relationship to low serum [HCO 3 ]. None of these associations necessarily preclude testing whether treatment of metabolic acidosis and/or acid retention in CKD patients reduces cardiovascular or other contributors to the excess mortality of CKD.
Dobre et al. [21] report makes at least 3 important contributions to the evolving story of the potential untoward effects of an acid milieu in CKD. First, in light of evolving understanding of the effect of an acid milieu in CKD on nephropathy progression [24] [25] [26] , the authors have importantly directed attention to the potential role of this acid milieu on cardiovascular disease. Second, the report of Dobre et al. [21] comprehensively documents the high prevalence of cardiac abnormalities in this CKD cadre, which is quite representative of the US CKD population not requiring kidney replacement therapy. Third, the data reported by the authors support that low serum [HCO 3 ] per se, and by possible extension metabolic acidosis, is not in and of itself a risk factor for these cardiac abnormalities in CKD but instead is linked to more traditional risk factors. The latter observation opens potential research avenues to determine how metabolic acidosis might be linked to traditional cardiovascular risk factors and if treatment of metabolic acidosis ameliorates these factors and their untoward effects on mortality in patients with CKD.
As noted by Dobre et al. [21] , metabolic acidosis and acid retention induce increased activity of humoral systems, which in high levels and/or sustained over time might yield untoward effects on heart and vascular function. Systems whose activities are increased by an acid milieu in CKD include angiotensin II [26] , aldosterone [6] and endothelin [6] . Dietary acid reduction using mineral-based alkali [6, 26] or base-inducing fruits and vegetables [26] reduces activity of at least some of these humoral systems. Future studies will determine if these humoral and possible other beneficial effects dietary acid reduction translate into reductions in cardiovascular and/or overall CKD-related mortality. If this intervention proves effective, further studies will also help determine when in the course of CKD should dietary acid reduction be instituted. Specifically, should dietary acid reduction commence with the onset of metabolic acidosis, when GFR is reduced but serum [HCO 3 ] remains within the normal range, or when signs of kidney injury appear, such as albuminuria, even when eGFR and serum [HCO 3 ] remain normal?
Current guidelines recommend treatment of CKDrelated metabolic acidosis when serum total [HCO 3 ] is <22 mEq/l [27] . That these guidelines require revisiting is evidenced by studies showing that dietary acid reduction ameliorates nephropathy progression in CKD patients with reduced eGFR and serum [HCO 3 ] 22-24 mEq/l [26] and in those with reduced eGFR but with normal serum [HCO 3 ] [25] . The authors of this recommendation state that it is based on 'evidence and opinion' [27] but cautioned that 'more research is needed on the longterm effects of correcting acidemia on clinical outcomes…' [27] . The report of Dobre et al. [21] helps determine some directions for this additionally needed research.
